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SUMMARY 

An experimental study i s  made of t h e  e f f e c t s  of severa l  var ia t ions  
i n  configuration geometry on t h e  aerodynamic c h a r a c t e r i s t i c s  of f lat-  
top  wing-body combinatiois. In  general, these  configurat ions cons is t  of 
one ha l f  of a body of revolut ion mounted beneath a wing of e s s e n t i a l l y  
arrow plan  form. A t  t h e  root ,  the wing leading edge coincides with the  
nose of the  fuselage and the  t r a i l i n g  edge coirlcides with the  fuselage 
base. Variat ions i n  model geometry st.udied include wing t ra i l ing-edge 
sweep, t oe  addi t ion  of auxi l iaq bodies, downward de f l ec t ion  of wing 
t l p s  t c  simulate v e r t i c a l  fins, wing dihedral ,  wing leading-edge sweep, 
fuselage f ineness  r a t i o ,  and fuse lase  p r o f i l e  shape. 
pitching-momect c h a r a c t e r i s t l c s  were cbtained a t  Ylch numbers from 3.00 
t o  6.28 and angles  of a t t a c k  up t o  4'. 

L i f t ,  drag,  and 

Many of t h e  configurat ions t e s t ed  were found t o  be r e l a t i v e l y  
e f f i c i e n t .  
m a x i m u m  l i f t - d r a g  r a t i o s  measured were greater than 6. 
maximum l i f t - d r a g  r a t i o s  measured were 7.2 a t  M = 3.00 and M = 4.24, 6.6 
a t  M = 7.05, and 5.3 a t  M = 6.28, although these  values were not a l l  

For example, a t  Mach numbers from 3 t o  5 ,  60 percent  of t h e  
The h ighes t  

obtained with t h e  same configuration. 

INTRODUCTION 

Several  s tud ie s  have been made recent ly  t o  develop configurat ions 
which w i l l  be aerodynamically e f f i c i e n t  a t  supersonic speeds (e .  g., 
r e f s .  1 t o  4) .  I n  general ,  these s tud ies  employed t h e o r e t i c a l  arguments 
i n  the  se lec t ion  of various configuration arrangements. I n  reference 1, 
t h i s  problem of designing a i r c r a f t  which develop high l i f t - d r a g  r a t i o s  was 
at tacked f o r  high supersonic speeds using an elementary p r i n c i p l e  t h a t  t h e  
components of t h e  a i r c r a f t  should be arranged t o  impart t h e  m a x i m  down- 
ward and m i n i m -  forward momentum t o  the  surrounding air. This y i n c i p l e  - 
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in conjunction with other practical considerations of hypersonic flight 

entirely beneath a wing of essentially arrow plan form. 
leading edge at the root coincided with the nose of the fuselage and the 
trailing edge coincided with the fuselage base. 
downward on some models, thereby simulating vertical fins. 

led to the study of configurations consisting of a fuselage situated 
I 

The wing 

Wing tips were deflected 

It was estimated in reference 1 that sensibly complete aircraft of 
this flat-top design would develop lift-drag ratios in excess of 6 at a 
Mach number of 5. These estimates were, in the main, confirmed by 
preliminary experimental results and a maximum lift-drag ratio of 6.6 at 
a Mach number of 5 was obtained. By way of comparison, this value was 
15 percent higher than the lift-drag ratio obtained for an entirely 
comparable symmetric model. 

The investigation made in reference 1 was, however, of rather 
limited scope. The only configuration shape variables studied were wing 
plan form and wing-tip-flap deflection. The experimental investigation 
begun in reference 1 has Seen extended to cover several additional shape 
variables including fuselage fineness ratio, fuselage profile shape, wing 
leading-edge sweep, and the addition of auxiliary bodies. 
investigations of wing plan form and tip-flap deflection have also been 
made. The effects of these variables on the aerodynamic characteristics 
of flat-top configurations have been determined at Mach numbers from 
3.00 to 6.28. 
present report. 

Additional . 
?"ne results of these studies are the subject of the 

NOTATION 

D drag coefficient, - 
qs 
L lift coefficient, - (4s 

pitching-moment coefficient, 

normal-force coefficient, 

drag, lb 

lift, lb 

fuselage length, in. 

Mach number 

dynamic pressure, lb/sq in. 

moment about fuselage vertex 
¶.s 2 

normal force 
qs 
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fuselage radial ordinate ,  in- 

Reynolds number based on f i se lage  length  

t o t a l  p k  area of model (with t i p  flaps undeflected) ,  sq in. 

lmgitud.5~al sktkii itieasiirred from fuselage vertex,  in. 

l a t e r a l  ordinate  of wing measured from configuration center  l i n e ,  in .  

angle of a t t a c k ,  measured t o  bottom surface of w’_ng, deg 

semivertex angle of conical  fuselages,  deg 

d ihedra l  angle,  deg 

sweep angle, deg 

t i p - f l a p  de f l ec t ion  angle, deg 

Subscripts 

b fus-.lage base 

max maximum 

Apparatus and T e s t s  

Tests  rere condi cted i n  t h e  Ames 10- by 14-inch supersonic wind 
tunnel  a t  Mach numbers of 3.00, 4.24, 5.05, and 6.28. 
descr ip t ion  of t h i s  wind tunnel and its aerodynamic c h a r a c t e r i s t i c s  m y  
be found i n  reference 5. L i f t ,  drag, and p i tch ing  moment w e r e  measured 
with a three-component strain-gage balance. The balance system measured 
forces  p a r a l l e l  and normal t o  the  balance a x i s  and these  fo rces  w e r e ,  i n  
tu rn ,  resolved t o  give l i f t  and drag. 
about t he  body base, and then, through t h e  use of normal force ,  t r ans -  
f e r r e d  t o  give p i tch ing  moments about t h e  body nose. 
a t  angles of a t t a c k  from -lo t o  +bo by r o t a t i o n  of the  model balance 
assembly. 
balance was located.  
w i th in  about 0.04 inch of t h e  model base, thereby el iminat ing,  f o r  a l l  
p r a c t i c a l  purposes, aerodynamic loads on the  s t i n g . .  

A d e t a i l e d  

P i tch ing  moments were measured 

Tests  were conducted 

All models were sting-supported from the  rear where t h e  
The support was shrouded from t h e  a i r  stream t o  
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Pressures on t h e  base of t h e  fuse lages  were measured i n  a l l  t e s t s  
and t h e  lift and drag components of t he  r e s u l t a n t  base fo rce  ( r e fe r r ed  
t o  free-stream s t a t i c  pressure)  were subt rac ted  from measured t o t a l  
l i f t  and drag forces .  
moments was negl ig ib le .  

The contr ibut ion of t h e  base fo rce  t o  p i tch ing  

Wind-tunnel ca l ib ra t ion  da ta  (see,  ref. 3 )  w e r e  employed i n  com- 
b ina t ion  with measured s tagnat ion pressures  t o  obtain t h e  stream s t a t i c  
and dynamic pressures  of t he  t e s t s .  
l eng th )  which var ied s l i g h t l y  due t o  va r i a t ions  i n  model s i z e ,  were 

Reynolds numbers (based on body 

Reynolds number, 
Mach number mi l l ion  

3.00 
4.24 
5.05 
6.28 

4.9 t o  5.4 
4.4 t o  4.8 
2.1 t o  2.4 
0.9 t o  1.1 

Individual values f o r  each model a r e  presented with the  respec t ive  data. 

Models 

The f l a t - t o p  wing-body combinations t e s t e d  i n  t h e  present  inves- 
t i g a t i o n  a r e  shown i n  f i g u r e  1. 
models, such as plan area, aspect  r a t i o ,  and fuselage volume, a r e  given 
i n  t a b l e  I. 

Per t inent  geometric p rope r t i e s  of t he  

For model 1, f i g u r e  l ( a ) ,  t h e  fuselage w a s  formed from a cone having 
a semivertex angle  of 5' cu t  1' above t h e  ax i s .  
t r iangular  plan form with 77.4' of leading-edge sweep. 
ing plan forms A and D i n  reference 1 together  with model 1 form a s e r i e s  
i n  which t h e  t ra i l ing-edge  sweep of t he  wing w a s  progressively decreased 
so  t h a t  r a t i o s  of t o t a l  streamwise length of t h e  wing t o  fuselage length 
were 1 .4 ,  1 .2 ,  and 1.0,  respect ively.  

?"ne wing had simple 
The models employ- 

Model 2,  f i g u r e  l ( b ) ,  had t h e  same fuselage as model 1. The wing 
had a r r o w  plan form and 75' of leading-edge sweep. 
t e s t e d  with two aux i l i a ry  bodies i n  t h e  form of pods mounted beneath t h e  
wing (see dashed l i n e s  i n  f i g .  l ( b ) ) .  Each pod w a s  one ha l f  of a cone 
with a semivertex angle of 5'. 
match the wing t r a i l i n g  edge. The combined volume of t h e  two pods w a s  
23 percent of the  volume of t h e  fuselage.  The center  l i n e s  of t he  pods 
were a l ined  with t h e  f ree  stream and 1.250 inches outboard of t he  fuse-  
lage  center l i n e .  

This model was  a l s o  

The bases of t h e  pods w e r e  cu t  off  t o  
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For model 3, f i g u r e  l ( c ) ,  the  fuselage w a s  one h a l f  of a cone with 
a semivertex angle of 7.5'. 
and a modified arrow plal: form. 
ward t h e  outboard 2ortiozs of t h e  wing along streamwise hinge l i n e s .  The 
hinge l i n e  was loca ted  1.250 inches (i .e.,  about 53.4 percent of t he  wing 
semispan) outboard of t h e  configuration center  l i n e .  Flap def lec t ions  of 
00. 1502 30°, 450, 600, and 7 5 O  were tes ted .  Ln add i t ion?  model 3 was 
t e s t e d  with -5' dihedra l .  The nodel  fuselage w a s  modified s o  t h a t  i n  
c ross  sec t ion  it appeared as a c i r cu la r  s ec to r  of 170' included angle. 
The ving w a s  bent along its center  l i n e  and nated t o  the  wedge-shaped 
upper sur face  of t h e  fuselage.  

The wing had 73.88O of leading-edge sweep 
Tip f l a p s  were  formed by de f l ec t ing  down- 

Fcr nodel 4, figure l ( d ) ,  the fuselage was cce h a l f  of a firieness- 

Models 5 and 6, figures l ( e )  and l ( f )  , 
ra t io-5  cone, semivertex a i g l e  of 5-71.'. 
with 80° of leading-edge sweep. 
were s fmi l a r ,  t h e  primary d i f f e rence  beihg the  leading-edge sweep, which 
was 77.4' and 75', respec t ive ly .  

The w5ng had arrow plan form 

The fuselages of models through 10, figures l ( g )  through l ( j ) ,  
For model 7, were one h a l f  of f ineness- ra t io+ bodies of revolut ion.  

t he  body was  a c i rcu lar -a rc  tangent ogive; f o r  models 8 and 9, the  bodies 
w e r e  defined by r = r b  (x/Z )n where n = 3/4 f o r  model 8 and n = 1/2 
f o r  model 9. 
similar llianner by s e t t i n g  n = 1.) 
which, according t o  impact theory,  nad m i n i m  drag f o r  t he  conditions 
Lf &ven l e sg th  and vclurse ( s e e ,  ref.  6). 
3/4-power body employed f o r  moael 8 closely approximates the  m i n i m u m -  
drag bcdy f o r  given f izeness  r a t i o  (see, r e f .  6). 

(The conical  fuselage of model 5 may be def ined i n  a 
For model 10: t he  body was t h a t  

it may also be nGted That t h e  

m e  wing plan forms f o r  models 'j' through 10  were se l ec t ed  i n  t h e  

M = 5-03 

The t r a i l i n g  edge was 

following naxner. 
created by t h e  corresponding complete body of revolu t ion  a t  
and a = 0'. 
w a s  designed t o  coincide with t h i s  shock wave. 
formed by a s t r a i g h t  l i n e  swept back from t h e  base of t h e  fuselage and 
i n t e r s e c t i n g  the  leading edge so t h a t  t h e  t o t a l  streamwise length of t he  
wing was 1.4 body lengths.  
models 7 through 10  a r e  given i n  t ab le  11. 

A shadowgraph p ic ture  w a s  taken of the  shock wave 

A s  recommended i n  reference 1, the  leading edge of t h e  wing 

The coordinates of t h e  fuse lages  and wings of 

The leading edges of a l l  model wings were b lunt  and 0.004 inch th ick .  
-411 wings had a maximum thickness  of 0.125 inch a t  t h e  center  l i n e  and 
t h e  base of t he  fuselage.  
wedges s l i g h t l y  l e s s  than 2 percent th ick  i n  streamwise planes.  
exception of model 1, t h e  t o t a l  strearwise length of a l l  model wings w a s  
1.4 times the  bcdy length.  Models 3, 5, 7, 8, 9, and 10 were designed 
s o  t h a t  t h e  leading edge of the wings coincided with t h e  shock wave 
created by t h e  fuselage a t  M = 5.05 and 

All wing sect ions were e s s e n t i a l l y  simple 
With the  

a = 0'- 
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In the region of the test models, stream Mach numbers did not vary 
by more than f0.02 at Mach numbers of 3.00, 4.24, and 5.05. 
variation of 9.04 existed at the peak test Mach number of 6.28. Uncer- 
tainties in the angle of attack due to irregularities in the wind-tunnel 
air stream and to inaccuracies in the determination of the model support 
deflections are estimated to be 50.1'. 

A maximum 

The accuracy of the test results is affected by uncertainties in the 
measurement cf forces and moments, and in the determination of angle of 
attack and stream static and dynamic pressures. 
to estimated uncertainties in the various force and moment coefficients 
and lift-drag ratios as shown in the following table: 

These uncertainties led 7 50.2 

+.2 
2 . 3  

It should be noted that, for the most part, the experimental results 
presented herein are in error by less than these estimates. 

RESULTS AND DISCUSSION 

All of the experimental results obtained in the present investigation 
are given in table 111. 
not include fuselage base drag), lift-drag ratios, pitching-moment 
coefficients, and normal-force coefficients are given for the various 
test Mach numbers, Reynolds numbers, and angles of attack. It should 
also be noted that in the following discussion each group of test results 
will be considered in terms of one independent shape variable. It should 
not be inferred, however, that all other geometric properties are constant. 
For example, changes in wing leading- or trailing-edge sweep also produce 
changes in plan area or aspect ratio. 
geometric properties of the models must be kept in mind when the test 
results are interpreted. 

Lift coefficients, drag coefficients (which do 

This interdependence of the various 
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A s  previously noted, two of t h e  models t e s t e d  in reference 1 i n  

The 
combination with m o d e l 1  of the  present inves t iga t ion  form a series i n  
which t h e  wing t ra i l ing-edge  sweep was progressively decreased. 
t ra i l ing-edge sweep w a s  se lec ted  so  t h a t  f o r  the model employing plan 
form A in reference 1, the r a t i o  of t o t a l  streamwise length of the qiiig 
to body length was 1.4. For t h e  model employing plan form D i n  reference 
1, the  r a t i o  was 1.2, and f o r  mode l1  of the  presFnt inves t iga t ion  it was 
1.0. 
and 00; respec t ive ly .  A t  the  four  t e s t  Mach numbers of 3-00: 4.24, 3.05, 
and 6.28, the  beginning of the expansion fan  emanating from t h e  fuselage 
base corresponds t o  sweey angles  of  approximately 6 5 O ,  71°, 73', and 7 5 O ,  
respec t ive ly .  For each of the  th ree  configurations,  therefore ,  t he  trail- 
ing edge was always ahead of t h e  expansion fan  a t  a l l  t e s t  Mach numbers. 
The aerodynamic c h a r a c t e r i s t i c s  of the th ree  models a t  M = 5-03 a r e  
compared in f igu re  2. 
parison i s  t h a t  t he  model with plan form A ( r a t i o  of wing t o  body length 
of 1.4) has t h e  h ighes t  maximum l i f t - d r a g  r a t i o .  
r a t i o s  of t h e  o ther  two models are es sen t i a l ly  t h e  same and about 10 
percent below t h a t  of plan form A. 
a r e  pr imari ly  due t o  d i f fe rences  i n  drag coe f f i c i en t s .  
has the l a r g e s t  wing area ,  correspondingly has t h e  lowest drag coe f f i c i en t s .  
As  shown i n  f igu re  3, t he  model w i t h  p l a n  form A a l s o  has the  highest  
( L / D ) n m  
difference between the th ree  models. In view of the r e s u l t s  shown i n  
f igures  2 and 3, all other models t e s t ed  i n  the present  inves t iga t ion  
were constructed with a r a t i o  of wing t o  body length of 1.4. 

The corresponding t ra i l ing-edge sweep angles w e r e  60.57O, 47.89' , 

Perhaps t h e  most s i g n i f i c a n t  r e s u l t  of the com- 

The maximum l i f t - d r a g  

The di f fe rences  i n  l i f t - d r a g  r a t i o  
Plan form A, which 

a t  other  t e s t  M s h  numbers except 6.28, where the re  i s  l i t t l e  

Ef fec t  of t5e  Addition o f  Auxiliary Bod ies  

Model 2 has been t e s t e d  wi th  and without auxiliary bodies i n  the  form 
The e f f e c t  of t h e  pcds on the  of half-cone pods mounted beneath the  wing. 

aerodynamic c h a r a c t e r i s t i c s  of model 2 i s  i l l u s t r a t e d  i n  figure 4 f o r  
M = 5.05. 
t he  l i f t  of t h e  configuration; however, t he  increase i n  drag more than 
compensates s o  t h a t  l i f t - d r a g  r a t i o s  are decreased by the  addi t ion  of t he  
pods. Base pressures  on the  pcds were measured, and from these  measure- 
ments the  base drag of t he  pods w a s  determined. Drag c o e f f i c i e n t s  and 
l i f t - d r a g  r a t i o s  were then computed with the  base drag of t he  pods sub- 
t r a c t e d  from the  measured drag. 
While removal of t he  pod base drag r e s u l t s ,  of course, i n  higher l i f t -  
drag r a t i o s ,  t he  model with pods is s t i l l  l e s s  e f f i c i e n t  than the  m c d e l  
without pods ( f i g .  4 ( d ) ) .  As shown i n  f igu re  5 ,  s i m i l a r  results w e r e  
a l s o  obtained a t  other  t e s t  Mach numbers. 
between the  model without pods and the model w i t h  pods is always less 

The placement of t h e  pods beneath the  wing serves  t o  augment 

These r e s u l t s  a r e  a l s o  shown in figure 4. 

The d i f fe rence  i n  (L/D)- 
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than 10 percent if t h e  pod base drag i s  removed. 

pods, which, f o r  example, might house a u x i l i a r y  rocket  motors. 

Under some circumstances, 
t h i s  difference may be a r e l a t i v e l y  s m a l l  pena l ty  f o r  t h e  addi t ion  of t he  

Y 

Effec t  of Tip-Flap Deflect ion 

I n  reference 1, two models were tested with t i p  f l a p s  formed by 
def lec t ing  downward the  outboard port ions of t h e  wing along streamwise 
hinge l i n e s .  The funct ion of these  f l a p s  was, f i rs t ,  t o  d e f l e c t  down- 
w a r d  the  sidewash of t h e  body and thereby increase l i f t ,  and second, t o  
provide surfaces f o r  d i r e c t i o n a l  s t a b i l i t y .  
of t h e  f laps  increased t h e  l i f t  of t h e  configurat ions a t  zero angle of 
a t t a c k  but reduced l i f t - cu rve  s lope.  The r e s u l t  w a s  a n e t  reduct ion i n  
(L/D)mx. 
reasoned, by increas ing  t h e  sidewash over the  hinge l i n e .  
b i l i t y  had been studied with model 3 of t he  present  i nves t iga t ion .  This 
model has a fuselage semivertex angle of 7.5' compared t o  5' f o r  t he  
models of reference 1. The model w a s  t e s t e d  with f l a p  de f l ec t ions  up t o  
7 5 O ,  and some of t h e  r e s u l t s  a r e  presented i n  f igu re  6.  Charac t e r i s t i c s  
of t h e  model with f l a p  de f l ec t ions  of Oo, 30°, and 600, are shown for 
M = 3.05. 0~ = 30°, t he  l o s s  i n  l i f t - cu rve  s lope i s  s m a l l ,  and t h e  
l i f t  increment given by t h e  f l a p s  i s  such t h a t  t he  maximum l i f t - d r a g  
r a t i o  i s  increased over t h a t  f o r  OF = 0'. For OF = 60°, however, t h e  
l o s s  i n  l i f t - cu rve  slope i s  such t h a t  t h e  maximum l i f t - d r a g  r a t i o  i s  
reduced. Maximum l i f t - d r a g  r a t i o s  obtained f o r  o ther  f l a p  de f l ec t ions  
and Mach numbers are shown i n  f i g u r e  7. It i s  apparent t h a t  some 
increase i n  
Mach numbers. Furthermore, t h e  f l a p  de f l ec t ion  f o r  h ighes t  (L/D)ma 
tends t o  increase somewhat with increasing t e s t  Mach number. 

It was found t h a t  de f l ec t ion  

The effect iveness  of t h e  f l a p s  could be increased, it w a s  
This poss i -  

For 

(L/D),, was  obtained with f l a p  de f l ec t ion  a t  a l l  t e s t  

E f fec t  of Dihedral 

A s  previously noted, model 3 w a s  a l s o  t e s t e d  with -5' dihedra l .  The 
model was modified by removing 5' from t h e  cross  sec t ion  on both s ides  of 
t h e  t o p  of  the  fuselage.  I n  c ross  sec t ion ,  therefore ,  t h e  fuselage 
appeared as a c i r c u l a r  s ec to r  of 170' included angle and, thus,  the  
f r o n t a l  a r ea  and volume of t h e  fuselage were reduced by some 5.6 percent .  
Correspondingly, t h e  wing w a s  def lec ted  downward 5' on e i t h e r  s ide  from 
t h e  center l i n e .  The c h a r a c t e r i s t i c s  of t h e  model with 
r = - 5 O  a re  compared a t  M = 5.05 i n  f igu re  8. 
use of - 5 O  dihedra l  i s  a reduction i n  drag associated with the  reduction 
i n  f ron ta l  area of t he  fuselage ( f i g .  8 ( b ) ) .  The corresponding increase 
i n  (L/D)max i s  about 4 percent ( f i g .  8 ( d ) ) .  

I? = 0' and 
The primary e f f e c t  of t he  
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Effec t  of Leading-Edge Sweep 
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To determine t h e  e f f e c t s  of var ia t ions  i n  wing leading-edge sweep, 
models 4, 5 ,  and 6 have been tested. 
one h a l f  of a fineness-ratio-? cone (semivertex angle,  5.71'). 
leading-edge sweep angles  were  80°, 77.k0, and 7_5O, respect.ively. 
these  angles ,  t h e  wing leading edge i s  designed t o  l i e  behind t h e  body 
shock viave a t  
model 5 ,  and lie ahead of t h e  shock wave f o r  model 6. The c h a r a c t e r i s t i c s  
of t he  t h r e e  models are compared i n  f igure  9 f o r  M = 5.05. 
in leading-ecge sweep naa some e f f e c t  on t h e  l i f t  curves ( f ig .  9 (a ) )  i n  
t h a t  t h e  lift coef f ic ien t  at a = 0' increased and the l i f t - cu rve  s lape  
decreased with increasing sweep. Near (L/D)- (a z 3 O ) ,  however, t hese  
e f f e c t s  were more or less compensating s ince  a l l  t h r e e  nodels gave near ly  
the same L i f t  coef f ic ien t .  Drag coe f f i c i en t s  tend t o  increase h5th 
increas ing  sweep apparently because t h e  wing a r e a  decreased with increas- 
ing sweep while the a c t u a l  drag of the fuse lage  remained e s s e n t i a l l y  
unchanged. 
model 6 with t h e  lowest leading-edge sweep gave the h ighes t  (L/D)- 
( f ig .  g(d) ) .  
t es t  Mach numbers as shown i n  figure l O ( a ) .  
obtained with a fuselage semivertex angle of 5.71°, tend t o  ind ica t e  
t h a t  l i f t - d r a g  r a t i o s  always increase with decreasing leading-edge sweep. 
Actually t h i s  is  not  t h e  case. For example, t h e  model employing plan 
f ~ l ? ~ i  A i n  reference 1 and model 2 of the present  inves t iga t ion  can be 
used t o  demonstrate t h e  e f f e c t  of leading-edge sweep on configurat ions 
w i t h  a fuselage semivertex acgle  o f  5'. For t h e  model from reference 
1, t h e  leading-edge sweep was 77.k0, the same as model 3 ,  and f o r  model 2, 
it was 7 5 O ,  t h e  same as m o d e l  6. 
t h e  two models having 5' fuselage semivertex angles  a r e  compared i n  
figure 10(b) .  
increases  l i f t -drag  r a t i o s  only at M = 3-00. A t  M = 4.24, it has l i t t l e  
e f f e c t ,  and a t  
would appear,  therefore ,  that t h e  e f f e c t s  of leading-edge sweep on m a x i m u m  
l i f t - d r a g  r a t i o  may a l s o  depend on o t h e r  f a c t o r s  such as the  fuselage 
shape. 

The fuselage f o r  each m o d e l  w a s  
The 

With 

M = 5.05 f o r  model 4, coincide with t h e  shock wave f o r  

The changes 

Primari ly  because of this d i f fe rence  in drag coe f f i c i en t s ,  

M o d e l  6 tends t o  maintain t h i s  advantage over t h e  range of 
These r e s u l t s ,  which w e r e  

Maximum l i f t - d r a g  r a t i o s  obtained with 

In t h i s  case it i s  seen t h a t  decreasing leading-edge sweep 

M = 5.05 and M = 6.28, l i f t - d r a g  r a t i o s  are reduced. It 

It is  apparent i n  f i g u r e  10 that f o r  both fuselages,  leading-edge 
sweep has i ts  most pronounced e f f e c t  on (L/D)- 
Mach number of 3-00. 
near  7; in f a c t ,  t h e  value of 7.2 obtained with model 6 a t  
( f ig .  1 O ( a ) )  i s  the  highest  measured in  t h e  present  inves t iga t ion .  
t h i s  value i s  comparatively high, it should. be noted t h a t  a t  t h i s  rela- 
t i v e l y  low Mach number f u r t h e r  improvement may poss ib ly  be r ea l i zed  
by employing one of t h e  favorable in te r fe rence  schemes suggested i n  
references 2 and 3. 

a t  the  lowest t e s t  

M = 3.00 
Both models w i t h  A = 75O gave l i f t - d r a g  r a t i o s  

While 

. 
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Effec t  of Fuselage Fineness Rat io  

In  reference 1 and t h e  present  i nves t iga t ion  th ree  models were 
tested,  each of which had a conica l  fuselage of different  semivertex 
angle .  Although the re  were some va r i a t ions  i n  wing p lan  form and fuse- 
lage construction, these  models can be used t o  demonstrate some of t h e  
e f f e c t s  of  changes i n  fuselage f ineness  r a t i o .  The th ree  models w e r e  
t h a t  employing plan form A i n  reference 1, which had a h s e l a g e  s e m i -  
ver tex  angle of 5 O ,  model 5 f o r  which t h e  angle  was 5.71°, and m o d e l  3 
f o r  which the  angle w a s  7.5'. 
with these three  models are compared i n  figure 11 over the  range of 
t e s t  Mach numbers. The d i f fe rences  i n  r e s u l t s  f o r  t h e  th ree  models are 
less than 15 percent ,  of which some 5 percent  may be due t o  t h e  d i f fe r -  
ences in  p lan  form previously noted. The d i f fe rences  i n  l i f t - d r a g  r a t i o  
are comparatively s m a l l  i f  it i s  noted t h a t  t h e  fuselage pressure drag  
of model 3 is  approximately th ree  t i m e s  t h a t  of t h e  model employing plan 
form A. I n  f a c t ,  some favorable e f f e c t  of increas ing  fuselage semivertex 
angle  was obtained a t  Mach numbers of 3.00 and 4.24 s ince  model 5 gave 
higher  (L/D)max 
s lender  model w a s  t he  most e f f i c i e n t  a t  Mach numbers of 5.03 and 6.28. 

The m a x i m u m  l i f t - d r a g  r a t i o s  obtained 

than t h e  model with plan form A. However, t h e  most 

Effect of Fuselage P r o f i l e  Shape 

In t h e  present  inves t iga t ion ,  configurat ions employing f i v e  d i f fe r -  
I n  each case,  t h e  fuse lage  w a s  e n t  fuselage p r o f i l e  shapes were t e s t ed .  

one half  of a body of revolu t ion  with a f ineness  r a t i o  of 5 .  
w a s  designed s o  t h a t  t h e  leading edge coincided with t h e  shock wave 
created by t h e  corresponding body of revolut ion a t  
The f i v e  configurat ions were model 5 and models 7 through 10. 
5 t h e  fuselage w a s  conical .  
tangent ogive. 
bodies given by (r/q,) = ( x / z ) ~  where 
f o r  model 9. 
revolut ion which, according t o  impact theory (see re f .  6 ) ,  had minimum 
pressure drag for given length and volume. 

Each wing 

M = 5.05 and a = 0'. 
For model 

For model 7 t h e  fuselage w a s  formed from a 
For models 8 and 9 t h e  fuselages were formed from t h e  

n = 3/4 f o r  model 8 and n = 1/2 
For model 10 t h e  fuselage w a s  formed from t h e  body of 

The aerodynamic c h a r a c t e r i s t i c s  of models 5 ,  8, and 9 are compared 
Although model 5 with i n  f igu re  12 f o r  t h e  design Mach number of 9.05. 

a conical  fuselage has t h e  h ighes t  l i f t  coe f f i c i en t  a t  
highest  l i f t - c u r v e  slope,  it a l s o  has  the  h ighes t  drag and, as a r e s u l t ,  
t h e  lowest m a x i m u m  l i f t - d r a g  r a t i o .  The most e f f i c i e n t  configurat ion i s  
model 8 with the  3/4-power fuselage.  A s i m i l a r  comparison f o r  models 5 ,  
7, and 10 i s  made i n  figure 13. 
models 7 and  10, gave e s s e n t i a l l y  t h e  same (L/D)- 
5 percent g rea t e r  than t h a t  of model 5 with conica l  fuselage.  
l i f t - d r a g  r a t i o s  obtained with a l l  f i v e  models a r e  compared i n  f igu re  14 
over the range of t e s t  Mach numbers. 

a = 0' and t h e  

The two models with convex fuselages,  

Maximum 
which w a s  about 

A t  a l l  Mach numbers, model 8 with ., 
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t h e  3/4-power fuselage gave the  highest values of (L/D)-. 

w e r e  t h e  highest  measured a t  these  three Wch numbers i n  the  present  
inves t iga t ion .  By comparison, t h e  m a x i m  l i f t - d r a g  r a t i o s  obtained 
with model 8 were  f rom 6 t o  17 percent higher  than those obtained with 
nodel 5. 

Three of 
these  values,  7.2 a t  M = 4.24, 6.6 at M = 5-07, and 5.3 a t  M = 6.28, 

I n  a r e v i e w  of t h e  r e s u l t s  discussed i n  t h e  foregoing sec t ions  and 
presented i n  t a b l e  I11 and f igu res  2 through 14, one over-al l  f ind ing  
becomes c l e a r l y  evident.  There are many f l a t - t o p  configurations which 
w i l l  give l i f t - d r a g  r a t i o s  of 6 o r  g rea te r  a t  Mach numbers between 3 
and 5. 
var ia t ions  were t e s t e d  a t  Mach numbers of 3.00, 4.24, 5.05, and 6.28. 
t h e  da ta  f o r  Mach number 6.28 a r e  neglected due t o  the r e l a t i v e l y  low 
tes t  Reynolds n-mber, there  remain some 51  values of maximum l i f t - d r a g  
r a t i o  t h a t  were determined. 
25 percent were greater than 6.5, and 6 percent w e r e  g rea te r  than 7.0, 
It i s  indicated,  therefore ,  t h a t  t h e  designer has a r e l a t i v e l y  wide lati- 
tude i n  se l ec t ing  an e f f i c i e n t  f l a t - top  configuration f o r  a particular 
appl icat ion.  

I n  t h e  present  inves t iga t ion ,  f o r  example, some 17 c o n f i g u a t i o n  
If 

Of these, 60 percent w e r e  g rea t e r  than 6.0, 

To t h i s  po in t ,  t h e  primary emphasis of t h e  discussion has  been on t h e  
aerodynamic e f f ic iency  of t he  f la t - top  configurations.  It i s  a l s o  i n t e r -  
e s t i n g  t o  consider b r i e f l j  t h e  s t a t i c  longi tudina l  s t a b i l i t y  character-  
i s t i c s  of t h e  t es t  configurations,  and t h i s  subjec t  is  the  f i n a l  top ic  of 
discussion.  

S t a t i c  Longitudinal S t a b i l i t y  Charac te r i s t ics  

A s  indicated by data previously presented, all of t h e  models t e s t e d  
displayed linear pitching-moment cha rac t e r i s t i c s  within t h e  l imi ted  angle- 
of-at tack range of t h e  present  tests. 
configurations were, as found i n  reference 1, e s s e n t i a l l y  inva r i an t  within 
t h e  range of test Mach numbers. 
of symmetry, some gave f i n i t e  pi tching moments a t  zero lift. Usually 
these  moments were small, pa r t i cu la r ly  i n  t h e  case of t he  models w i t h  
conical  fuselages and, where t h e  moments d id  exist, they w e r e  usua l ly  
pos i t ive .  
p o s s i b i l i t y  t h a t  t he  models inherent ly  tend t o  t r i m  at  some p o s i t i v e  
l i f t  coe f f i c i en t .  
pena l ty)  required t o  t r im  t h e  configuration a t  maximum l i f t - d r a g  r a t i o  
would be correspondingly reduced. 
t h i s  respect  i s  m o d e l  9, which had a fuselage formed from a l/2-power 
body of revolution. 
of a l l  test  configurations.  
from t h e  standpoint of aerodynamic heating (see, e.g., ref. 7) it a l s o  
produced r e l a t i v e l y  high pressures ac t ing  on t h e  lower surface of t h e  

Neutral po in t s  of the f l a t - t o p  

Since t h e  models had no hor i zon ta l  plane 

The existence of a pos i t ive  moment a t  zero l i f t  suggests the 

I n  t h i s  event,  t h e  con t ro l  moment (and associated drag 

One of t h e  most a t t r a c t i v e  models i n  

This model has the l a r g e s t  degree of nose bluntness  
Aside from t h e  advantage of t h i s  bluntness 

wing near t h e  nose. contr ibuted t o  t h e  pos i t i ve  
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moment at zero lift. In  order t o  determine t h e  t r i m  condi t ions the  posi-  
t i v e  moment would give f o r  t h i s  model a center-of-gravi ty  loca t ion  a t  the  
fuselage center  of volume (x/Z = 2/3) w a s  se lec ted .  
t he  neu t r a l  po in t  f o r  t h e  model w a s  between 73 and 74 percent  of t h e  body 
length a f t  of t h e  nose a t  a l l  t e s t  Mach numbers. 
approximates t h e  wing center  of a r ea  a t  73.4 percent . )  
g rav i ty  loca t ion  se l ec t ed ,  therefore ,  t he  s t a t i c  margin w a s  approximately 
6 percent of t h e  body length.  
model was found t o  se l f - t r im  a t  l i f t - d r a g  r a t i o s  g rea t e r  than 6 a t  Mach 
numbers from 3 t o  5 as shown i n  f i g u r e  15. 
obtained a t  
determination of t h e  t r i m  po in t ,  and the re fo re  t r i m  data f o r  
not shown. 
f o r  t h i s  model t r i m  drag pena l t i e s  may have a r e l a t i v e l y  s m a l l  e f f e c t  on 
maximum l i f t -drag r a t i o s .  

A s  shown i n  figure 15, U 

(This l oca t ion  c lose ly  
With t h e  center-of- 

With these  s t a b i l i t y  c h a r a c t e r i s t i c s ,  t h e  

The pitching-moment da t a  
M = 6.28 were not of s u f f i c i e n t  qua l i t y  t o  permit an accura te  

M = 6.28 are 
The r e s u l t s  presented i n  figure 15 do i nd ica t e ,  however, t h a t  

Models 7 and 10 w i l l  a l s o  se l f - t r in :  a t  l i f t - d r a g  r a t i o s  of about 6 
a t  Mach numbers from 3 t o  5. 
l i f t -d rag  r a t i o s  were not  s o  high. 
example, model 8 (with the  3/4-power fuse lage)  inherent ly  trimmed a t  
l i f t -d rag  r a t i o s  of about 3. 
p i tch ing  moment a t  zero l i f t  w a s  near ly  zero and the  model did not  t r i m  
a t  any appreciable l i f t - d r a g  r a t i o .  
t h a t  these r e s u l t s  are f o r  t he  bas ic  configurat ions without any cont ro l  
surfaces .  It i s  poss ib le  t h a t  with the  proper con t ro l  surface,  model 8 
(with the 3/4-power fuse lage)  may prove a more e f f i c i e n t  trimmed config- 
u ra t ion  than model 9 (with the  1/2-power fuse l age ) ,  j u s t  as it proved t o  
be t h e  more e f f i c i e n t  untrimmed configuration. 

For o ther  models, however, self-trimmed 
With a similar s t a t i c  margin, f o r  

For model 5 with a conica l  fuselage,  t h e  

It should be emphasized, however, 

CONCLUSIONS 

An experimental study has been made of t h e  e f f e c t s  of s eve ra l  var ia-  
t i o n s  i n  configurat ion geometry on t he  aerodynamic c h a r a c t e r i s t i c s  of 
f l a t - top  wing-body combinations. 
ha l f  of a body of revolut ion mounted beneath a wing of e s s e n t i a l l y  arrow 
plan form. 
t h e  fuselage and t h e  t r a i l i n g  edge coincided with t h e  fuselage base.  
drag (not including base d rag ) ,  and pitching-moment c h a r a c t e r i s t i c s  w e r e  
obtained a t  Mach numbers from 3.00 t o  6.28 and angles of a t t a c k  up t o  4’. 
The r e s u l t s  of t h i s  inves t iga t ion  have led t o  the  following conclusions: 

These configurat ions consis ted of one 

A t  t h e  root ,  t he  wing leading edge coincided with t h e  nose of 
L i f t ,  

1. Maximum l i f t - d r a g  r a t i o s  increase with increasing wing t r a i l i n g -  
edge sweep up t o  t h e  l i m i t s  of t he  inves t iga t ion  f o r  which the  length of 
t h e  a r r o w  wing w a s  1 .4  fuselage leng’ihs. For the  models tes ted,  t he  

I changes i n  l i f t - d r a g  r a t i o  were assoc ia ted  pr imar i ly  with changes i n  wing 

i area .  



2. Addition of aux i l i a ry  bodies beneath the  wing augments t h e  l i f t  
of a f l a t - t o p  configuration; however, t h e  drag increase i s  s u f f i c i e n t  t o  
reduce l i f t - d r a g  r a t i o s .  

3 .  For a configuration with a conical fuselage of relatively low 
f ineness  r a t i o ,  some increase i n  maximum l i f t - d r a g  r a t i o  can be obtained 
by de f l ec t ing  the wing t ips downward as f l a p s  w i t h  streamwise hinge l i nes .  

4. Within t h e  range from 75' t o  80': t he  e f f e c t  of wing leading- 
edge sweep on maximum l i f t -d rag  r a t i o  depends both on the  free-stream 
&ch nm-ber and t h e  fuselage shape, 
t h e  most pronomced e f f e c t  near t h e  l o w e s t  t e s t  Mach nurnber of 3-00. 

Changes i n  leading-edge sweep have 

5. For conf igna t ions  with conical fuselages,  ssme increase i n  
m a x i m  l i f t - d r a g  r a t i o  i s  obtained by increasing f i s e l age  semivertex 
angle from 5' t o  5.71° a t  Mach numbers of 3 and 4.2. A t  Mach numbers 
of 5 and 6.3, however, t h e  most slender fuselage t e s t e d  (5' semivertex 
angle)  gives  t h e  highest  maximum l i f t -drag  r a t i o .  

6. For configurations with fuselages consis t ing of one-half f ineness-  
ra t io->  bodies of revolut ion,  maximum l i f t - d r a g  r a t i o s  are =eater when t h e  
fuselage p r o f i l e s  are convex. 
obtained with a m o d e l  having fuselage r a d i a l  o rd ina tes  proport ional  t o  the  
3/4-power of dis tance from t h e  model nose. 

H i g h e s t  m a x i m  l i f t - d r a g  r a t i o s  were 

7. A f l a t - t o p  configuration w i t h  a r e l a t i v e l y  blunt  fuselage nose 
C a l i  be rmde both s t ab le  and s e l f - t r i m i n g .  
t e s t ed ,  f o r  which the  fuselage r a d i a l  ordinates  a r e  p r o p o r t i o m  t o  t h e  
1/2-power of dis tance from the  model n m e ,  knherently t r i m s  a t  l i f t - d r a g  
r a t i o s  g rea t e r  than 6 with a s ta t ic  margin of 6-percent body length a t  
Mach numbers from 3 t o  5. 

For example, one configuration 
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TABLE 111. - AERODYNAMIC CIFARACTERISTICS 03‘ TEST MODELS 
r 

- 
4 
_. 
-0.78 
-.30 
-20 
6a 

1.17 
1.66 
2.15 
2.63 
3 -12 
3 .a 
-.eo 
-.p 

.16 

.& 
1-13 
1.62 
2 .I2 
2.Q 
3 .= 
3.60 

--. 

- 
zxi 
--3 
-21 
.P 

1 -21 
1 .P 
2 -21 
2.71 
3 -21 
3.72 
-.& 
-.33 

.I5 

.65 
1.14 
1.64 
2.14 
2.65 
3 2 4  
3.64 

3-00 5.35 

4.24 4.70 i 
v= I c, 1 rw 

Q .CQ27 - .m7 - .014 
-.Fa 
-.WE 
- . W 5  - .04ll 
-.04n 
-.w - .@O 

.0021 - .rn?Q 
-.WE6 - .0146 - .Mw 
-.M% 
-.03lO - .O365 
-.041g 
-.&E 

--c 
.0413 
.0%8 
.0620 
-0723 

-0939 - .Wl8 
.my3 c.2e .5yT 
.0140 
-0222 
.03& 
-0387 
. M 9  
. w 9  
.%3 
.On4 

I I 

de 

2-33 
- 

.97 

- 
0.0032 
-.0048 - . a b l  
-.0227 
--Os9 
-.O413 - .os17 
- . m 3  
-.om 
-.oee9 

. u 4  

. a 5  
- . ~ 3 8  - . u 3  -.& 
-.WEB 
-.0368 - .0445 
- s o 5 2 2  - -0593 - 

-.0175, .02% -.- .0341 
-.Op4 .W 
-.0390 . os0  
-.0455 .e552 
- . w 9  .06n 

.otya -.0045 

.m9 .0022 

-.wn . o i n  

-.0266 .O4U 
-.op7 . o m  
-.0357 
-.04Q5 -0674 

--0019 .0101 

-.0139 .0257 -.m .0337 

.0.78 - .20 
-23 
.73 

1.23 
1.73 
2.23 
2 . 8  
3 -23 
3.74 - .& 
--32 

1 7  
.ffi 

1.15 

3 
2.65 
3 -15 
3.65 

0.- O.Oll4 0.54 
.Ol& .0u4 1.58 
.0293 .ou4 2.58 
.all -0121 3.39 
*053’+ -W 4-13 
.06% 3x38 4.77 
.Om .Ol’jO 5.24 
.m3 .a64 5.55 
.lo67 .ole3 5.84 
.u€X3 .m7 6.12 
-.WB .owl -.43 

-0057 -63 .ma .- 1.74 
.a%3 .G9b 2.78 
.0368 -0Ogg 3 . n  
.04p .a07 4.42 
.Om .oU6 4.95 
.06m .OX27 5.29 
.q67 . o i b  5.G I -0155 5.55 

o.Oo60 5.05 
. O l D  
.02* 
.0413 
-0536 
.0662 
. O W  
.Og20 
.lo76 
.=m - .o040 
.00% 6.28 
.0160 
.cr26b 
.03P .&a 
.0576 
.%75 
. O n 3  
. O S  

1.97 
2.44 

-.62 

I 2.00 

-00% -30 
.0097 1.10 
.oogg 1.90 
.01W 2.65 
.a07  3.29 
.oll4 3.81 
.Ol24 4.16 

- -0036 

- .0155 

- . W 6  

?he increments 

’ 2.53 1 3.05 
j 3.59 I- 

Removal of the pod baae drag gives an increms 
are -0.0021 a t  n = 3.00, -0.0010 a t  M = 4. 

I 
in drag coefficient 1 , -0.0006 a t  M = 5.0: 

n t  of angle of attack. 
and -0 .W-a t  M = 6.28; 



2.12 
2.92 
3.78 

5.52 

4.50 
5.09 

5.82 
6.00 
6.00 
5.96 
1.70 
2.27 

3.47 
3.89 

4.49 

2.85 

4.24 

4.63 
4 . n  
4.76 

-0.m8g 0.017t 
- . o i p  .0252 
-.0226 .03k 

-.044O .059: 

-.0294 .0424 
-.O368 .0505 

-.OYJ. .067: 
-.Om .0755 
-.0647 .083f 
-.07l3 .OW( 
-.0036 .OM 
-.om .023: 

-.0219 .04o( 
-.mea .04E 

- . o w  .0635 

-.0134 .OP( 

-.0343 .O5$ 

-.0470 .On! 
-.0534 .Ow( 
- . O m  . O M  
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TABLE 111.- AERODYNAMIC CHARACTERISTICS OF TEST MODELS - C o n t i n u e d  

1) Model 3 ,  Bp = 0' - 
c, 

- . ou6  

- 
-0.0137 

- .0303 - .0386 - .04@ - .O576 - .06n - .0774 - .0874 - .lo20 - .0087 
-.0164 
-.mu - .03P - .040: - .0480 - ,0563 - .063  - .o7oE - .077E - 

- 
CN 

0 .0183 
.0284 
.0394 
-0505 
.0620 
.0739 
. o m  
.0980 
.1104 
2 6 6  
.0134 
. W 8  
. op6  
.Oh22 
.OS7 
.0608 
.0706 
-0790 
.om5 
.0973 

- 
- 
M 

3 .oo 
- 

I .24 

- 
- 
3 .OO 

4.24 

- 
- 
3.m 

4.24 

cD 

1.0084 1.27 
.0083 2.29 

.0089 4.10 

.0096 4.74 

.0105 5.18 

.0114 5.50 

.0124 5.73 

.0136 5.77 

. o i y  5.76 

. o u  .84 

.Oll4 1.48 

.0118 2.12 

.0122 2.72 

.0130 3.22 

.0136 3.66 

.0146 3.96 

.Ol% 4.19 

.0170 4.34 

.01% 4.36 

.OO& 3.30 

1 ~~ 

-0.88 0.0107 
-.40 .Olga 

.08 .02@ 

.$ .0366 
1.03 .0454 
1.9 .0544 
1.98 .0626 
2.46 .on0 

-1.13 .m93 
-.62 . o m  

2.92 .0782 
3.40 .ON7 

-.ll .0249 

1.0185 0 . 0 ~ 4  1.63 
.0285 .oil8 2.42 

. 0 p 4  .0126 3.99 

.0394 . O m  3.24 

. O Q 8  .0134 4.63 

.0735 .0142 5.16 

.0855 .01% 5.54 

.0973 .0168 5.81 

.lo96 .01% 5.91 

.0135 .01W 1.35 

.12$ .0207 6.07 

,0228 .0100 2.28 
.0%6 .0102 3.20 
.0421 .0105 4.02 
. o s 5  . o l u  4.61 
.0605 .oi l8  5.12 
.0701 . o w  5.50 
.07& .0137 5.73 
.0878 ,0152 5.79 
,0964 .0167 5.78 

.73 

2.21 
2.69 
3 J9 
3.69 - .?8 4.38 
-.30 
.18 
.67 

1.16 
1.66 
2.15 
2.65 

= 15' - 
1-53 
2.39 
3 -29 
4.10 
4.70 
5 J3 
5.49 
5.69 
5 . n  
5.74 

.99 
1.65 
2.30 
2.85 
3.33 
3 . n  
4.09 
4 . 3  
4.43 
4 . s  - 

4.99 

4.40 

1.98 
2.46 
2.92 
3.40 

-1.14 
.go I - .62 

I -::; pj 
3.59 

(f) 3, = 30' - 
I .ma 
.we6 
.oow 
.0094 
.0100 
.0107 
.ou5  
.0126 
.0139 
-0153 
.m99 
.0104 
.0109 
. o u 5  
.0123 
. O l 3  
.0141 
.01% 
. o m  
.om+ - 

_. 

0.74 

.24 
- .25 

.74 
1.23 
1.72 
2.21 
2.70 
3 .I9 
3-70 -.e 
-.30 
.18 
-67 

1.17 
1.66 
2.15 
2.65 
3.15 
3.64 - 

1.0233 I O . O l l 4  2.05 

3.61 
4.34 
4.92 

5.75 
5.98 
6.08 
6 .23 
1.83 
2.66 
3.5-1 
4.24 
4 .80 
5.26 
5.58 
5.75 
5.82 
5.81 

2.89 

5.41 

- 

4.99 
.03P  
.04% 
.O%O 
.0652 
.0765 .ow 
.loo1 
.lll8 

. ou5  

.0120 

.0124 

.0133 

.0142 

.0153 

.0167 

.0184 

4.39 
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TABLE 111. - AERODYIWMIC CHARACTERISTICS OF TEST MODELS - Continued 
. 

1 

3 . 0 0  4.95 

h.24 h . 4 0  1 CL r, 
1 

D.0197 O.Oog0 2.20 -0.0109 0.0196 
.0275 3.00 -.Ol-p 32.74 
.OD7 .00* 3.n -.@& -0357 
.0438 -0101 4.35 -.OM .0439 
.ow .ol& 4.85 -.OB -0523 
.o600 . ou5  5.21 -.04y .e 
.o676 . o u 3  5.51 -.os8 .0680 
. o m  . o i z  5.72 -.0592 -0762 

."T: .M36 l.57 -.x"-75 .OlD 

. 0 3 z  . o u 3  2.9L -.0198 .032  

.0486 . ou5  3.88 -.ow .OW 

.0837 .0145 5.77 -.&% .Os44 
-0914 -0159 5.75 -.On9 . O W  

.0253 . U O g  2.32 -.(urn .02Y 

.0409 .0116 3.54 -.Om .Ob10 

.ofr63 .Ol$ 4.20 -.Om 

.OP8 .0155 4.62 -.0506 .OP4 

.0638 .0144 4.43 -.wgo :z 
-0790 .01p 4.65 - . O s  -0797 
.ot?"lo .0185j 4.69 -.0628 .os80 

0.74 
-.Yj 

.24 

.74 
1.23 
1.72 
2 .a 
2.70 
3 -19 
3.70 - .* 
-.30 
.18 
67 

1.17 
I. .60 
2.15 
2.65 
5-15 
3.64 - 

0.0245 
.o* 
. a 3 9  
-0539 
. e 3  
-0752 
. a 5  
-0974 
. l e  
. u47  
. a 6  
.0298 
.03& 
. a 7 3  
.0558 
.0641 
.0728 
. m 5  
. m 9  
-0933 - 

-0.88 
-.40 

-08 
.56 

1.03 
1.51 
1.9 
2.46 
2.93 
3.40 
-1.11; - .62 
-.lo 
.42 .* 
1.48 
2.00 
2-53 
3-05 
3.59 - 

-0123 4.37 -.0424 
.as 4.93 - . o m  
.0141 5.35 - .ow 
-0153 5.65 - . m 3  
-0168 5 . a  - .OTIC 
.0164 5*% - . o m  
.om6 6.04 -.io07 
.my  2.23 -.!X:t: 

.Oleo 3.82 -.oj13 

.mo5 4.52 -.0385 

.oll2 5.00 -.0452 

.013o 7-62 -.ow3 

.c141 5.77 - . o m  

.00* 3.05 -.0242 

.OVO 5.35 -.Os19 

2.42 -0.0129 0.OrollI 
3.16 -.om .mw 
3 . 9  -.@37 -093 
4.44 -.a?% .ow 
4.92 - . o s  .0489 
5.48 -.o* 6 3 3  
5.64 - .ow .om 
5-57 -.0665~~ .m 

5.23 - . O M  -0563 

5.63 - , 0 6 l O  .Om 

1.95 -.a& .0193 
2.49 -,013( .O& 
3.05 -.0209 -0333 
3.55 -.w7 .w 
3.90 -.ow4 -0475 

4.52 -.w .0693 
4.62 -.@1 .om 
4.53 -.0593 . a 3  

4.16 -.0359 .Ow 
4.41 -.a14 .06u 

2.16 

.w 

-0.67 
-.40 

.08 

.% 
1.03 
1-s 
1.98 
2.46 
2*92 
3 .m 

-1.14 - .62 
-.lo 

.42 

1 .48  
2.00 
2.53 
3.05 
3.59 

.e4 

- 

.74 .- .at24 4 .u  -.a* .oga 

2.20 .OB06 .ol53 538 -.a .08u 
2.69 .a .a68 5.44 -.Mi93 . a 9  

1.23 -0605 .Cup 4.62 -.Ob59 .0606 
1.71 . O W  Al41 5.00 -.e+ .Om 

3.18 .lOll .01& 5.55 -.Om J.OJ.9 

I -  

t -  3.68 .u33 .om1 %e' -.e69 -1143' 

-.P . o m  .a00 2.a -.0223 -0280 

.67 . a 3 4  .0107 4.07 -.ON .0435 
1.17 .opo . u 3  4.52 -.ob2 -0512 
1.66 -0590 .om 4.88 -.ow4 .0594 

1.24 4.38 -.78 .0207 .oOgg 2.10 -.Om .0206 6.28 

.18 .03$ -0102 3.49 -.e -0357 

2-15 -0568 -0130 5.13 - . O m  .0673 
2.65 -0754 . O l 4 2  I 5.32 -.0589 . O m  

- 
2 .09 
2.70 
3 -25 
3.77 
4 2 9  
4 -50 
4.75 
4 -94 
5.06 
5 .U 
1.87 
2.45 
3 -02 
3.53 
3.90 
4.24 
4.47 
4.65 
4.74 
4.78 - 

-0 .ol% - .029 -.e 
-.0*9 - .w - .ob65 - -05% 
- . O W  -.e 
- . o m  
-.0146 
-.a@ - -0238 - .02m - -0337 
-.0388 
-.0435 - .w - .0%5 
- . O m  - 

2.16 

.93 

- 

0 .ooB8 . a291 
.w 
.awe 
. a 0 3  
.OlOg 
.0u7 
. O w  
.Ol* 
.015 
.0109 
.0u4 
. OU9 . Ol24 
.0130 
-0139 
.Ol@ 
.Ol& 
.01p 
.Olea - 

2-05 
2.65 
3.24 
3-76 
4.17 
b-55 
4.80 
4.m 
4.% 
4.96 
1-58 
2 -02 
2.46 
2 .@ 
3-22 
3.48 
3 . P  
3-84 
3.95 
3.92 - 

.oo 4.94 -0.74 0.0236 0 . 0 ~ 3  
-.25 . o a  . ou5  

-24 .03% -0120 -0393 

-0553 

-.0420 



0 .  0 0 0  0 ... 0 O O  0 .  0 0 0 0 0 0  0 .  

CD 

.OlO7 

. O m  

.OU5 

.0120 

.0137 

.0148 
.0162 
.Ol@ 
.om0 
.oop 
.cog6 

.0106 

. o n 5  

.0136 

.0127 

.0095 

.0101 

.0124 

.0149 

.0164 

L I D  c, 
1.74 -0.0123 
2.56 -.0198 
3.41 -.0285 
4.20 -.0378 

5.38 -.Ow 
5.77 - .Os7 
6.01 -.0764 
6.14 -.O865 
6.33 -.lo25 
2.03 -.oogg 

3.02 -.om8 

4 . 9  -.0369 
5.02 -.0450 

5.64 -.0608 

4.86 -.0472 

2.06 -.OX29 

3.84 -.0285 

5.40 -.053 

5.74 -.0687 
5.76 -.Om 

.0185 

.I3283 

.0393 

.OW4 

.0620 

.0739 

. o m  

.0980 

.u03  

.12n 

.0142 

.0194 

.029 
a0387 
.0482 
.0578 
.067:, 
.0769 
.0862 
.09Y 

5.05 2.17 -0.88 0 . 0 ~ 7  0.0078 

.08 .02% . m a  
1.03 .om . w p  
1.5-1 .ow .009 

-.b .0197 .OOa 

.56 .0374 .0088 

1.98 .0634 .OUO 
2.45 .On6 .0120 
2.93 .OB6 .0133 
3.40 .OB75 .OlM 
3.88 .0951. .0163 

1.49 
2.44 
3.41 
4.24 
4.99 

-0.003 
-.009;! 
-.0172 
-.02* 
-.0332 

5.55 
5.78 
5.94 
6.00 
5.99 
5.85 

-.&5 
-.04n 
-.ow 
-.O607 
-.&-E 
-.0736 

0 .  0 .  0 0 0  
0 .  e . .  

NACA RM ~56111 
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TABU 111.- AERODYNAMIC CHARACTERISTICS OF TEST MODELS - Continued 

T 0 . u 5  
. O l S  
.0286 
-0375 
.0463 
-055.1 
e0637 
.OW 
.0802 
.0882 
.OW r.24 4.42 I 

(k)Model 4 - 
-1.09 - .;3 .a 
1.77 
2.22 
2.70 
3 J7 

-1.34 
-.32 

.73 
1.79 
2.32 
2.84 
3.37 
- 

- 
3 .oo 

4.24 

-0.0107 - .Ol% - . o s 6  - .&13 - .w 
- . o m  
-*059 - .m80 - .0201 - .0290 - .0391 - .O444 - .OW7 - .0546 - 
- 
0 .ocm - .0105 
- .I3241 - .0378 - .Oh39 - .04% - .0542 
-.OOO8 - .0142 - .0257 - .0367 - . 04p  - .Ob91 - .0534 
- 

.96 
1.92 
2.40 
2.88 
3.36 
3.84 

4.76 -1.00 
-.04 

1 ;: 2.89 

- 
-0.99 
0 

.97 
1.94 
2.43 
2.92 
3.40 
3.89 
-1 .00 - .04 

.94 
1.91 
2.41 
2.91 
3.40 - 

- 
.o .mi9 - .0191 - .03& 
-.ow - .0638 - - 0 7 3  - .oao 
- . o m  
0 - .0162 - .OS3 - .0473 - -0543 - .06lo - .0668 

- 
2.32 

1 .oo 

- 
-1.08 0 -.33 

2.19 
4.36 
5.74 
6.02 
6.09 
6.02 
- .37 
1.44 
2.81 
3.80 
4.16 
4.44 
4.54 - 

0.0065 
.m65 
.oop 
.0084 
.0094 
.0104 
.ou7 
.0091 
.m91 
.m99 
. ou2  
.012l 
.013 
.0143 

-0 .002l 
.0142 
.ope 
.om3 
.0564 
a635 
.OW3 - .0034 
.0132 
.0279 
.Oh27 
-0505 
.O* 
.0650 

0.0027 
.I3239 
.0455 
. O m  
.On4 
.OW7 
.io18 
. u 9  - .om5 
.0189 
.0384 
.om 
.0656 
.0739 
.0820 

-.13 
.a2 

1 .n 
2.24 
2.72 
3.18 

-1.34 
-.32 

.74 
1.79 
2 . 9  
2.84 

I 3.37 ' 
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TABLE 111. - AF,RO7;1yNAMIC CIFARACTERISTICS OF TEST MODELS - Continued 
L 

16 

M 

5.05 

- 
- 

5.28 

- 
L/D - 
-1 -25 
1.35 
3.83 
5 . 4  
5.95 
6 .a 
6.32 

-1.03 
.& 

2.52 

4.LO 
4 . 3  
4.67 

3.F 

3.00 

4.24 

-1.09 - .13 
.& 

1 .?? 
2.24 
2.71 
3 -19 

-1.34 
-.32 

.74 

2.84 
3.38 

;:g 

0.0066 
.0064 
.@J70 
.ooW 
.oogo 
.0100 . O L U  
.008B 
.Om7 
.mgo 
.0104 
.3ii; 
.ox24 
.0133 

- 
5.18 
- 
-1 .a - .16 

.ss 
1.94 
2.46 
2.99 
3 . 3  
4-04 
-1 2 0  - -18 

.84 
1.86 
2.37 
2.88 
3.39 - 

- 
-1.80 

.TI 
3.38 
5.34 
5.95 
6.39 
6-58 
6.61 

-1.35 
2 .ll 

5.44 
5.96 
6.25 
6.35 

3.81 

- 

G q T z  
I 

- 
-1.20 - .19 

.& 
1.83 
2.34 
2.84 
3-35 
3 . 6  

-1 .a 
-.a 
.m 

1 .m 
2.3 
2 . b  
3.32 - 

- 
-1.24 
1 e55 
4.00 
5.62 
6.07 
6 . 9  
6-36 
6.28 
--53 
1 .a 
2.80 
3.85 
4.18 
4.38 
4.54 - 

0.0098 -0.0074 
-.oo2g .cow 
-.a149 -0247 
-.0265 .0397 
-.ope .046g 
-.0375 .ow 
- . w 5  .&O 
-.a475 .m 
-.0047 -.or& 
-.OD57 .oog6 
-.01n .0247 

-.o* .053  I -.a432 -0597 

-.0288 .039 
-.0341 .0466 

I I 4.24 

- 

4.63 

- 
3 -00 

4.24 

- 

2.29 1-1.20 I-0.0076 0.- -1.47 O.Oo80 -0.0077 
. O W  1.49 -.0035 .E76 
.0057 4.09 -.ffl52 .0233 

-0074 6.38 -.0333 .04m 
-0082 6.60 -.Oa .ON 
.009 6.63 -.a43 .&3 
.0072 -.67 -0006 -.- 
.0078 3.07 - . a 5  -0241 

.W7 4.76 -.Om .O466 

.0104 5.10 -.0435 -0537 

. O l l 6  3-27 -.a498 .&6 

.0067 5.94 -.wp .0398 

.00n 1.26 -.- .mp 

.oo8g 4.33 -.0325 .OB 

4.64 -1.21 - .18 
1.86 
2-37 
2.m 
3.40 

I/ 
-0709 



-.0012 
-.Or28 
-.0235 
-.0283 
-.0339 
-.0397 

.a362 

. o m  

.O365 

. O w  
-05.17 .Ow 

-1.20 -0.0078 0.0061 
-.19 .COY2 .OO@ 

-1.27 0.0087 -0.0071 
1.54 -.0041 .0092 

2.82 
3.32 

.Ow .OUO 4.g$ -.OLi6 .Os6 

.063  ,0129 4.93 -.0463 .0637 
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SI 0.0105 -0.009t 

M 
- 
5.05 

a, 
deg 

- .19 
.82 

1.84 
2.34 
2.85 
3.36 

-1.20 - .20 
.81 

1.81 
2.32 
2.82 
3.32 

- 
-1.20 

- 

R, 
million 

2.28 

CL 
& 
-0.0095 

.0062 

. OU8 

.0367 

.0h38 

.0y3 

. 0 9 4  
- .W39 

.0097 
, .0238 
~ .0374 

.0448 

.0515 

.O* 

-1 2 4  - .17 
.go 

1.97 
2.50 
3.04 
3.57 
-1.a - .18 

3 5  
I .&?a 
2.39 
2.90 
3.42 - 

.m74 5.m 

.0082 6.29 

. O O p  6.45 

.m77 - . 5 l  

.OO@ 1.24 
a 8 3  2.87 
.00% 4.08 
.cog7 4.61 
.0105 4.93 1 .Oll3 5.19 

6.2e .95 

q) Model 10 - 
0.0135 
-.OOZE - .OlY 
-.037( - .046: - .0553 - .06p 

.0103 - ,0041 - .0183 
-.Os5 - .0377 
-.0440 - ,0499 - 

- 
2.29 

.95 

- 

- 
0.00R 
.w7: 
.008 
.w9l 
.0101 
,0117 
. O l P  
m 6 4  
.w61 
. m 5  
.w76 
.0083 
.W92 
.0103 - 

- 
-1 .B 
1.2: 
3 .a: 
5.a 
6.4: 
6.73 
6.89 

-1.44 
1.60 
4.37 
6.05 
6.52 
6.77 
6.85 - 

5 .a 

4.66 

-1.22 - .16 
.8¶ 

1.9: 
2.48 

.02% .0066 3.95 -.0166 .02& 

.0418 .0076 5.49 -.0284 .04x 

7.79 .0641 ,0101 6.38 -.0452 .OW 
,0495 I .0083 1 5.99 I -.0341 1 .049t 

2.85 .0570 ,0091 6.30 -.Oj95 .0574 3.01 
3.53 
-1 .a - .18 

.84 
1.87 
2.38 
2.89 
3.40 - 
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